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FIELD OF THE INVENTION ' ec ^Ology Qq^ 

The present invention relates to an instruction set and data paths of processors which — M.. 

perform fixed-point and floating-point multiply and add operations, and particularly processors 
is which perform both multiply and add operations as a result of a single instruction. 

BACKGROUND OF THE INVENTION 

A general-purpose processing system which performs multiply and add operations may 
allow these arithmetic operations to be performed at varying precision. High-precision 

20 operations generally consume greater circuit resources than low-precision operations. For 
example, in order to double the precision of a multiply operation, about four times as many 
circuits are required if the same performance is to be achieved. 

A multiplier array which is capable of performing a multiply of two 64-bit operands, 
without reusing the array in sequential fashion, must generate the equivalent of 64 2 , or 4096 

25 bits of binary product (a 1-bit multiply is the same as a boolean or binary "and" operation), 
and reduce the product bits in an array of binary adders which produces 128 bits of result. As 
a single binary adder (a full adder) takes in three inputs and produces two outputs, the number 
of binary adders required for such an array can be computed 64 2 -128, or 3968. 

There are well-known techniques for reducing the number of product bits, such as 

30 Booth encoding. There are also well-known techniques for performing the required add 
operations so as to minimize delay, such as the use of arrays of carry-save-adders. These 
techniques can reduce the size of multiplier arrays and reduce the delay of addition arrays, 
however, these techniques do not appreciably change the relation between the size of the 
operand and the size of the multiplier and adder arrays. 



Using the same arithmetic as before, a multiply of 32-bit operands generates the 
equivalent of 32 2 , or 1024 bits of binary product, and use the 32 2 -64, or 960 full adders to 
generate a 64-bit product. This clearly is approximately one fourth the resources required for 
a multiply of 64-bit operands. 

Because the product of 32-bit operands is 64-bits, while the product of 64-bit operands 
is 128-bits, one can perform two 32-bit multiples which produce 2 64-bit products, giving a 
128-bit result. As such, because the 32-bit product uses one-fourth the resources of the 64-bit 
product, these two 32-bit products use one-half the resources of the 64-bit product. Continuing 
this computation, four 16-bit products use one-quarter of the 64-bit multiplier resources, eight 
8-bit products use one-eighth of the resources, and so forth. 

Thus, while this technique produces results with the same number of bits as the 64-bit 
product, decreasing the symbol size results in a proportionately decreasing utilization of the 
multiplier and adder array resources. Clearly, a design that has sufficient resources for a 
64-bit multiply will be under-utilized for multiplies on smaller symbols. 

Accordingly, there exits a need for a method, instruction set and system in which a set 
of multiplier and adder circuit resources may be employed in a manner that increases the 
utilization of these resources for performing several multiply and add operations at once as a 
result of executing an instruction, and which also permits the expansion of the multiplier and 
adder circuit resources to an even higher level so as to further increase overall performance. 



The present invention relates to a method, instruction, and system which improves the 
utilization of a multiplier and adder array for performing multiply and add operations at a 
lower precision than the full word size of the processor and particularly the multiplier and 
adder array. 

In accordance with an exemplary embodiment of the present invention, a novel group- 
multiply-and-sum instruction is performed wherein operands which are the word size of the 
processor, for example, 128-bits, are divided into symbols where the symbols are 64, 32, 16, 
8, 4, 2, or 1 bit. Multiplier and multiplicand symbols are then multiplied together, and the 
products are added together so as to produce a single scalar result. The instruction performs 
twice as many multiplies as a group-multiply-and-add instruction (as described in related US 
patent application Ser. No. 08/516,036, hereinafter referred to as the parent application) of the 
same symbol size. The instruction also avoids fixed-point overflows, because in the current 
example, the 128-bit result is large enough to hold the sum. 

In another embodiment of the present invention, a novel group multiply-and-sum-and- 
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add instruction is performed, wherein two operands are divided into symbols and then 
multiplied together. All the products resulting therefrom are then added together, along with a 
third operand value so as to produce a single scalar result. The instruction performs twice as 
many multiplies as a group-multiply-and-add instruction (as described in the parent application) 

5 of the same symbol size. 

In another embodiment of the present invention, a novel group-complex-multiply 
instruction is performed, wherein the 64-bit multiplier and multiplicand operands are divided 
into symbols. Alternate symbols are taken to represent real parts (a and c) and imaginary parts 
(b and d) of a complex value, and a computation (a+bi)*(c+di) = (ac-bd) + (bc+ad)i is 

10 performed. The instruction performs twice as many multiples as a group-multiply instruction 
(as described in the parent application) of the same symbol size, and in the current embodiment 
generates a result which is a 128-bit value. 

In another embodiment of the present invention, a novel group-complex-multiply-and- 
add is performed, wherein two 64-bit operands are divided into complex- valued symbols, and a 

15 third 128-bit operand is divided into complex-valued symbols of twice the symbol size. The 
computation (a+bi)*(c+di)+(e+fi) = (ac-bd+e)+(bc+ad+f)i is performed. The result is a 
128-bit value. 

In yet another embodiment of the present invention, a novel group-convolve instruction 
is performed, wherein all but one symbol of a 128-bit value is multiplied with symbols of a 

20 64-bit value. Certain of these products are summed together to form a 64-bit-by-64-bit slice of 
a convolution. The result is a 128-bit value. 

As described in detail below, the present invention provides important advantages over 
the prior art. Most importantly, the present invention optimizes both system performance and 
overall power efficiency. The present invention performs a greater number of multiply 

25 operations and add operations in a single instruction without increasing the size of the result of 
this single instruction. The present invention arranges these operations in a manner which is 
advantageous both for implementation of digital signal processing algorithms, as the 
instructions perform these operations with greater parallelism and greater avoidance of 
arithmetic overflow, and which is advantageous for implementation of the multiplier itself, as 

30 these multipliers are formed from a partitioning of a single multiplier array, thereby 
overcoming significant disadvantages suffered by prior art devices as detailed above. 

Additional advantages of the present invention will become apparent to those skilled in 
the art from the following detailed description of exemplary embodiments, which exemplify the 
best mode of carrying out the invention. 

35 The invention itself, together with further objects and advantages, can be better 




understood by reference to the following detailed description and the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 illustrates a group fixed-point multiply instruction, as described in the parent 
application. 

Fig. 2 illustrates a group fixed-point multiply and add instruction, as described in the 
parent application. 

Fig. 3 illustrates a group floating-point multiply instruction, as described in the parent 
application. 

Fig. 4 illustrates a group floating-point multiply and add instruction, as described in the 
parent application. 

Figs. 5 A and 5B illustrate group fixed-point multiply and sum instructions of the 
present invention. 

Fig. 6 illustrates a group floating-point multiply and sum instruction of the present 
invention. 

Fig. 7 illustrates one embodiment of a group fixed-point or floating-point convolve 
instruction of the present invention. 

Fig. 8 illustrates a second embodiment of a group fixed-point convolve instruction of 
the present invention. 

Fig. 9 illustrates an embodiment of a group 16-bit fixed-point convolve instruction of 
the present invention. 

Fig. 10 illustrates a second embodiment of a group floating-point convolve instruction 
of the present invention. 

Fig. 11 illustrates how the instructions of Figs. 1-4 can be produced from partitions of 
a single multi-precision multiplier array. 

Fig. 12 illustrates how the instructions of Figs. 5-6 can be produced from partitions of 
a single multi-precision multiplier array. 



A multiplier array processing system is described wherein numerous specific details are 
set forth, such as word size, data path size, and instruction formats etc., in order to provide a 
thorough understanding of the present invention. It will be obvious, however, to one skilled in 
the art that these specific details need not be employed to practice the present invention. In 
other instances, well known processor control path and data path structures have not been 
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described in detail in order to avoid unnecessarily obscuring the present invention. 

Figs. 1-4 illustrate instructions from the instruction set forth in the parent application, 

Ser. No. 08/516,036 filed August 16, 1995. 

Figs. 1 and 2 relate to fixed-point multiplication instructions, wherein groups of 
5 symbols of 64-bit total size are multiplied together, thereby producing groups of products of 

128-bit total size. The individual symbols are of sizes from 1 bit to 64 bits, i.e., 64x1 -bit, 

32x2-bit, 16x4-bit, 8x8-bit, 4xl6-bit, 2x32-bit or lx64-bit. The products of the multiplication 

are twice the size of the input symbols, which reflects the size the result must be to avoid 

fixed-point overflow in the computation of the product. 
io One measure of the complexity of the instruction is the size of the result. It is 

preferable to limit the size of the result to 128 bits for each of the instructions, as this reduces 

the number and width of write ports to register files and the number of gates required to bypass 

results around the register file. 

Fig. 2 illustrates a fixed-point multiply-and-add instruction, in which the product is 
is added to a third value on a symbol-by-symbol basis. The instruction performs twice as many 

operations per instruction as the instruction shown in Fig. 1, as it performs an add operation 

for each multiply operation. 

Figs. 3 and 4 illustrate the same operations, as illustrated in Figs. 1 and 2, respectively, 

when floating-point operations are specified. In this case, as the size of the product is the same 
20 as the size of the input symbol (in this example - 128 bits), 128 bits of source operand is 

allowed. Thus, for equal size of symbols, the floating-point instructions of Figs. 3-4 perform 

twice as many operations as the fixed-point instructions of Figs. 1-2. 

There are many applications for the multiply and multiply-and-add instructions of Figs. 

1-4. One application, which is typical of a class of applications, is called FIR (Finite Impulse 
25 Response) filters. FIR filters are particularly easy to implement using the multiply-and-add 

instructions because adjacent results are independent, meaning that they can be computed 

separately and therefore in parallel. The group multiply-and-add instruction performs the 

computation for several adjacent results in parallel. 

However, one problem that arises with the instruction shown in, for example, Fig. 2, is 
30 that the addition operations can suffer overflow, because the result symbols are the same size 

as the add source operand. This is generally avoided by scaling the values of the symbols so 

as to avoid overflow (i.e., making the multiplier operand smaller), so that the products which 

are added together are not larger than can be represented in the result symbol. This scaling 

results in a limit on the accuracy of the computation, as the multiplier generally has a value 
35 which must be rounded off to scale to the required precision. 
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Accordingly, in order to overcome this limitation, it is a goal of the present invention to 
provide instructions which perform a greater number of multiplies in a single operation, 
without increasing the size of the result to be greater than the size of an operand, which in the 
current example is 128 bits. 

5 Fig. 5 A illustrates a novel instruction which satisfies this goal. In accordance with the 

instruction, which is referred to as a group-fixed-point-multiply-and-sum, two 128-bit operands 
are divided into groups of bits, forming equal-sized symbols which may have sizes of 1, 2, 4, 
8, 16, 32 and 64 bits. The groups of symbols are multiplied together to form a plurality of 
products, each of which are of twice the size as the operands, and then the products added 

io together. The addition of all the products together reduces the size of the result such that the 
result size does not exceed 128 bits. Specifically, a 1-bit multiply-and-sum produces 128 1-bit 
products, which can be represented in as little as 8 bits, since the largest sum is 128; a 2-bit 
multiply-and-sum produces 64 4-bit products, each valued 0,1,4, or 9, for which the largest 
unsigned sum is 576, and the largest signed sum is 64*(-2 to +4) = -128 to 256, which can be 

i5 represented in as little as 9 bits. In general, an n-bit multiply-and-sum produces 128/n 2n-bit 
products, which can be represented in log 2 (128/n)+2n bits. For 64-bit symbols the products 
require 128 bits, and the sum of the two products would require 129 bits; the result is 
truncated in the same manner that the multiply-and-add operations must truncate the sum of the 
product with the addend, specifically, by truncating the high-order bit. As such, the group- 

20 fixed-point-multiply-and-sum instruction of Fig. 5 A can accept two 128 bit groups as 

operands. Whereas, the group-fixed-point multiply-and-add instruction can accept only two 
64-bit groups due to the limit of the total result size of 128 bits. 

In fact, for all sizes of symbols from 1-16 bits, the result is no larger than 64-bits, 
which in some architecture designs is the width of a single register. For symbols of 32 bits, 

25 the 4 products are 64 bits each, so a 128-bit result is used, which cannot overflow on the sum 
operation. For symbols of 64 bits, the 2 products are 128 bits each and nearly all values can be 
added without overflow. The fact that this instruction takes 128-bit groups rather than 64-bit 
group means that twice as many multiplies are performed by this instruction, as compared to 
the instructions illustrated in Figs. 1 and 2. 

30 More specifically, referring to Fig. 5 A, this instruction takes two 128-bit operands 

specified by ra and rb and multiplies the corresponding groups of the specified size, producing 
a series of results of twice the specified size. These results are then added together, after sign 
or zero extending as appropriate, producing a scalar result. 

The size of the scalar result is 64 bits when the element size is 16 bits or smaller, and 

35 128 bits when the element size is 32-bits or larger. For 64-bit elements, only two products are 




summed together, but as the result is only 128 bits, an overflow is still possible (for group 
signed multiply octlets and sum, the only case that overflows is when all elements equal -2 63 ), 
and an overflow causes truncation on the left and no exception. For element sizes 32-bits or 
smaller, no overflow can occur. 
5 In summary, the group multiply-and-sum instruction does not result in a reduction of 

precision, and as a result, provides for greater precision and computation. In addition, the 
instruction multiplies twice as many operands as the group multiply and add instruction of the 

9 

parent application, as only a scalar result is required, so that 128-bit result limitation (in the 
foregoing example) does not restrict the number of operands of the instruction. The 64-bit 

io version of this instruction uses two 64x64 multiplier arrays, and smaller versions uses one-half 
of the arrays for each halving of operand size. 

A related instruction, group-fixed-point-multiply-and-sum-and-add, is illustrated in Fig. 
5B. As shown, this instruction takes the two 128-bit multiplier and multiplicand operands and 
divides each operand into groups, multiplies the groups thereby generating a plurality of 

15 products, and then sums the plurality of products with a third source operand. The third 
source operand is labelled "i", and it flows into the summation node. The result of the 
instruction is ae+bf+cg+dh+i. 

Because the 1-16 bit versions of these multiply-and-sum-and-add instructions perform 
the additions with 64-bit precision, many instances of this instruction may be used repeatedly 

20 before the concern about overflow of the addition operations becomes a problem. Specifically, 
because the sum of the products requires at most 9 bits for the 1-bit version, 10 bits for the 2- 
bit version, 13 bits for the 4-bit version, 20 bits for the 8-bit version, and 35 bits for the 16-bit 
version, there are (64-9) =55 to (64-35) =29 additional bits for which the third source operand 
may repeatedly grow as further products are accumulated into a single register by repetitive 

25 use of the multiply-and-sum-and-add instruction. Thus from 2 55 to 2 29 multiply-and-sum-and- 
add instructions may be performed to a single register without concern of overflow. Thus, the 
instructions of the present invention permit the multiplier operand to be scaled to use the full 
precision of the multiplier symbols, which improves the accuracy of computations which use 
this instruction rather than the multiply-and-add instructions. 

30 The multiply-and-sum and multiply-and-sum-and-add instructions of the present 

invention are particularly useful for implementing IIR filters (Infinite Impulse Response) 
filters, in which each output sample is a weighted sum of several previous output values. In 
such a case, the value of each output sample is dependent on the value computed for each 
previous output value, so the parallelism available in a FIR filter is not available in the IIR 

35 filter. Parallelism of a different form, however, can be used, in that several multiplies of 





weights (multipliers) with several previous output values can be performed at once, and the 
summing node itself can be implemented with a great deal of parallelism. 

Fig. 6 illustrates a novel group-floating-point-multiply-and-sum instruction. This 
instruction is useful because the sum operation can be carried out with greater precision than 
5 that of the result, when the precision is sufficiently small that more than two products are 
added together. This greater precision allows a more accurate result to be computed, as there 
is less rounding of the add result, particularly if the exponent values differ significantly for 
each of the products. The result does not need to be rounded until the complete sum has been 
computed. 

10 Fig. 7 illustrates one embodiment of a group fixed-point or floating-point convolve 

instruction of the present invention. There are two subtypes of this instruction, each of which 
use one-half of a fixed-point multiplier array. The shaded values indicate the location of 
products which are formed by multiplying multiplicand symbols directed from the top of the 
array with multiplier symbols directed from the right side of the array. Each of the indicated 

is products connected with a dotted line are added together, yielding sums of products as the 
result. Each of the unshaded locations in the array are configured to generate zero values into 
the multipliers product accumulation array. For the fixed-point convolve instruction, the size 
of the result symbols are twice the size of the multiplier and multiplicand symbols. For a 
floating-point convolve instruction, the size of the result symbols are the same as the size of 

20 the multiplier and multiplicand symbols. As each of the subtypes use one-half of the array, it is 
apparent that halving the symbol size quadruples the number of multiplies. 

Fig. 8 illustrates a second embodiment of a group fixed-point convolve instruction of 
the present invention. In accordance with the second embodiment, a 128-bit group of symbols 
(ra) is multiplied with a 64-bit group of symbols (rb) in the pattern shown, and the resulting 

25 products, shown as small black circles, are added together in the pattern shown by the 
connecting lines, producing a 128-bit group of result symbols (rc) (of twice the size as the 
operand symbols, as the fixed-point products are twice the size of the multiplier and 
multiplicand symbols). The instruction illustrated in Fig. 8 is an 8-bit version; a 16-bit version 
is illustrated in Fig. 9, as the 16-bit version takes 16-bit operand symbols (ra) and (rb), and 

30 produces 32-bit result symbols (rc). As in Fig. 7, the products in Figs. 8 and 9 are formed by 
multiplying together operands at the locations indicated by the black dots, where the 
multiplicand operand is directed from above the array, and the multiplier operand is directed 
from the right of the array. 

Fig. 10 illustrates a group-floating-point-convolve, which is the same as the fixed-point 

35 convolve in structure, except that the result symbols (rc) are the same size as the operand 





symbols (ra) and (rb). Thus, the result of this floating-point instruction need be only 64 bits, as 
the floating-point product symbols are rounded to become the same size in bits as the operand 
symbols. An extension of this instruction can be made into one that performs four times as 
many multiplies, as the result size shown here is 64 bits, half of the maximum 128-bit result 
5 size limit. Such an extension would have 256 bits of operand ra and 128 bits of operand rb. 

In accordance with the foregoing group convolve instructions of the present invention, 
the efficiency of use of the multiplier array does not decrease with decreasing operand size. In 
fact, the instruction provides a quadrupling of the number of effective operands each time the 
operand size is halved. 

io Referring again to Fig. 8, the group convolve instruction takes a 128-bit operand 

specified by ra and a 64-bit operand specified by rb, and treating the operands as ordered 
vectors, performs a convolution on the two vectors, truncating the computation so as to 
produce a 128-bit result. The result is an ordered vector of twice the specified precision. 
Overflow may possibly result from the summation of the products. 

is The group convolve instruction is designed to utilize the summation-tree of the 

multiplier array in a close approximation to the manner required for a scalar multiply. For this 
reason the ra operand is specified as 128 bits and the low-order element of the operand is not 
used. The rb operand uses 64-bit in the particular order required to enable the use of the 
existing summation tree. The result is 128-bit for fixed-point convolve and 64-bit for floating- 

20 point convolve. 

As shown in Fig. 8, the result is essentially formed from portions if the multiplier array 
that are normally added together when performing a 64x64 multiply, although portions of the 
addition tree must be separated into two parts, and the result either uses both 64x64, multiplier 
arrays, or uses a single array which can be partitioned to multiply different operands in the 

25 upper-left triangular and lower-right triangular portions of a single 64x64 multiplier array. 

It is apparent in both Fig. 8 and Fig. 9 that one-half of a 128-bit by 64-bit multiplier 
array is used by this instruction, and that by dividing the array into two 64-bit by 64-bit arrays 
in the center of the figures (as shown by dotted lines) and superimposing the two halves, that 
the portions of the half-arrays which are used in the left half are not used in the right half, and 

30 the portions of the half-arrays which are used in the right half are not used in the left half. 
Thus this instruction can be implemented with a single 64-bit by 64-bit multiplier array with 
appropriately partitioned operands and accumulation arrays. 

Fig. 11 shows how the multiplies required for group-multiply and group-multiply-and- 
add instructions can be produced from a single multi-precision structure. As shown, lxl, 2x2, 

35 4x4, 8x8, and 16x16 multiplies are illustrated; the preferred design extends up through 32x32 





and 64x64 multiplies with the same structure or pattern. The smaller multipliers are formed 
from subsets of the larger multipliers by gating off (forcing to zero) portions of the multiplier 
and multiplicand array. The resulting products are added together in a classical carry-save 
multiplier-accumulation tree. 

5 Fig 12 shows how multiplies required for group-multiply-and-sum and group-multiply- 

and-sum-and-add instructions can be produced from a single multi-precision structure. As 
shown, lxl, 2x2, 4x4, 8x8, and 16x16 multiplies are illustrated; the preferred design extends 
up through 32x32 and 64x64 multiplies with the same structure or pattern. In the same fashion 
as Fig. 11, the smaller multipliers are formed from subsets of the larger multipliers by gating 

io off (forcing to zero) portions of the multiplier and multiplicand array. In this case, the gating is 
in the reverse of the pattern of Fig. 11, so that each of the products so formed are added 
together by the multiplier-accumulation tree. 

Figs. 7-10 also illustrate the product and accumulation patterns indicated for each of the 
two embodiments of group-convolve instructions, producing these operations from a single- 

i5 multi-precision structure as previously detailed. 

The following operational codes and psuedo-code of the foregoing instructions are 
intended to assist in the understanding thereof. 

Group 

20 These instructions take two operands, perform a group of operations on partitions of bits in the 
operands, and catenate the results together. 



Operation codes 



G.CONVOLVE.l 1 


Group signed convolve bits 


G.CONVOLVE.2 


Group signed convolve pecks 


G.CONVOLVE.4 


Group signed convolve nibbles 


G.CONVOLVE.8 


Group signed convolve bytes 


G.CONVOLVE.16 


Group signed convolve doubles 


G.CONVOLVE.32 


Group signed convolve quadlets 



'G.CONVOLVE.l is used as the encoding for G.U.CONVOLVE.1 . 

-,0- f 



# 



G.MUL.l 2 


Group signed multiply bits 


G MUL 2 


Group signed multiply pecks 


G MUL 4 


Group signed multiply nibbles 


G MUL 8 


Group signed multiply bytes 


G MUL 16 


Group signed multiply doublets 


G MUL 32 


Groun signed multinlv auadlets 


G MUL 64 3 


Groun signed multinlv octlets 

VJl. V/Up JlbllvVI lllUlt.lL/lT V/WHWIaJ 


G MUL SUM l 4 

V_J , IT A W A_> . VJ \J ITJt . X 


Groun sicrned multinlv bits and sum 

\JAV/HL/ JlIlllvU lllUlllL/1 Jf L/llO Ull\l UU111 


G MUL SUM 2 


Groun signed multinlv necks and sum 

Vf A V/tlL/ J1C.11VU 111U1L1L/1 J L/vVlVu UA1V1 kSVllll 


G MUL SUM 4 

\J . 1TA \J A_/ . O ^ It A . ~ 


Groun signed multinlv nibbles and sum 

VJl VtlL/ OA^AAWVA 111U1L1L/1 V IIIL^L/IV'O CI 11 VI O LA 111 


G MUL SUM 8 


Groun signed multinlv bvtes and sum 

VJAVJIAL7 JlgilWU lllUlllL/lJ L/Jr tVO till VI iJlilll 


G MUL SUM 16 


Groun signed multinlv doublets and sum 

\J1 VUU JlgllvU 111U111L/1 J UV/Ltl/lwtiJ 141 IV* JU111 


G MUL SUM 32 

VJ • 1TA KJ A-/ • k_J ATA . *J 


Groun signed multinlv auadlets and sum 

\J1 V/UU JlgllVU IIIUIIIUIJ UUUUlVlJ U11U JU111 


G MUL SUM 64 

V_J . ATA \J A_y . \^ ATA . \J~ 


Groun signed multinlv octlets and sum 

\J1 VUp iJlgllVU lllUlLlplJ V/VllVltJ U11VI JU111 


G U CONVOLVE 2 


Groun unsigned convolve necks 

VJl VUU U11J1C.11VU vvll V VS1 T V* L/vvIVJ 


G U CONVOLVE 4 

\J < < \-/A ™ T V^X J — t T J — / • 


Groun unsigned convolve nibbles 


G U CONVOLVE 8 


Groun unsigned convolve bvtes 


G U CONVOLVE 16 


Groun unsigned convolve doublets 

X. V/VfcL/ \M-A XL7 A A A\*\+ W V_/ J. X T V/X ▼ \*A\J \tA A\* Wt*P 


G . U . CONVOLVE . 32 


Group unsigned convolve quadlets 


G.U.MUL.2 


Group unsigned multiply pecks 


G.U.MUL.4 


Group unsigned multiply nibbles 


G.U.MUL.8 


Group unsigned multiply bytes 



2 G.MUL.1 is used as the encoding for G.UMUL.1. 
3 G.MUL64 is used as the encoding for G.C0NV0LVE.64. 
4 G.MUL.SUM. 1 is used as the encoding for G.UMUL.SUM. 1 . 





G.U.MUL.16 


Group unsigned multiply doublets 


G.U.MUL.32 


Group unsigned multiply quadlets 


G.U.MUL.64 5 


Group unsigned multiply octlets. 


G.U.MUL.SUM.2 


Group unsigned multiply pecks and sum 


G.U.MUL.SUM.4 


Group unsigned multiply nibbles and sum 


G.U.MUL.SUM.8 


Group unsigned multiply bytes and sum 


G.U.MUL.SUM.16 


Group unsigned multiply doublets and sum 


G.U.MUL.SUM.32 


Group unsigned multiply quadlets and sum 


G.U.MUL.SUM.64 


Group unsigned multiply octlets and sum 



class 


op 


size 


signed 
multiply 


MUL MUL.SUM 
CONVOLVE 


1 2 4 8 16 32 64 


unsigned 
multiply 


U.MUL U.MUL.SUM 
U.CONVOLVE 


2 4 8 16 32 64 



5 G. MUL.SUM. 1 is used as the encoding for G.UMUL.SUM.1 . 




Format 
G.op size rc = ra,rb 



31 24 


23 




18 


17 


12 


11 




6 


5 




0 


G.size 


ra 


rb 


rc 


op 


8 




6 




6 






6 






6 





Description 

Two values are taken from the contents of registers or register pairs specified by ra and 
rb. The specified operation is performed, and the result is placed in the register or register 
pair specified by rc. A reserved instruction exception occurs for certain operations if rc 0 is set, 
and for certain operations if rao or rb 0 is set. 



Definition 

def Group(op,size,ra,rb,rc) 
case op of 

G.MUL, G.U.MUL: 

a «- RegRead(ra, 64) 
b <- RegRead(rb, 64) 
G.MULSUM, G.U.MULSUM: 
a *- RegRead(ra, 128) 
b *- RegRead(rb, 128) 
G.CONVOLVE, G.U.CONVOLVE: 
a <- RegRead(ra, 128) 
b <r- RegRead(rb, 64) 

endcase 
case op of 
G.MUL: 

for i <- 0 to 64-size by size 

C2*(i+size)-1..2*i^(a^_ 1+i II a S ize-l+i..i) * (b^. Hi II bsize-l+i..i) 

endfor 
G.U.MUL: 

for i <- 0 to 64-size by size 

C2*(i+size)-1..2*i <"(0 size || asize-1+i..i) * (O^e || b size -i + i..i) 
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endfor 
G.MULSUM: 

csize *- (size 2 16) ? 64 : 128 

p[0] <~ 

5 for i <- 0 to 128-size by size 

p[i+size] <-p[i] + (a~~ II asize-1+i..i) * (b^ e II bste-l+Li) 

endfor 
c <- p[128] 
G.U.MULSUM: 
io csize <- (size 2 16) ? 64 : 128 

p[0] <- 0^'^ 

for i <- 0 to 128-size by size 

p[i+size] <- p[i] + (ocsize-size a si2 e-i+i..i) * (Cjcsize^ize || b si ze-l+i..i) 
endfor 

15 c<-p[128] 
G.CONVOLVE: 
p[0] <- 0 128 

for j <- 0 to 64-size by size 

for i ^ 0 to 64-size by size 
20 pD+size] 2*(i+size)-1..2*i *~ p[j] 2*(i+size)-1..2*i + 

( a size-i + if64-j II asize-l+i+64-j..i+64-j)*(b^_ 1+j || b s ize-l+j..j) 

endfor 
endfor 
c <- p[64] 

25 G.U.CONVOLVE: 
p[0] <- 0 128 

for j <- 0 to 64-size by size 

for i <- 0 to 64-size by size 

pU+size] 2*(i+size)-1..2*i PD] 2*(i+size)-1..2*i + 

30 (0* ze 1 1 a sjz e-i+i+64-j.J+64-j) * (0 size 1 1 bsize-1+j..j) 

endfor 
endfor 
c <- p[64] 

endcase 
35 case op of 

G.MUL, G.UMUL, G.CONVOLVE, G.U.CONVOLVE: 

RegWrite(rc, 128, c) 
G.MULSUM, G.U.MULSUM: 
RegWrite(rc, csize, c) 

40 endcase 
enddef 



As stated above, the present invention provides important advantages over the prior art. Most 
45 importantly, the present invention optimizes both system performance and overall power efficiency, 




thereby overcoming significant disadvantages suffered by prior art devices as detailed above. 

Thus, a multiplier array processing system is described. Although the elements of the present 
invention have been described in conjunction with a certain embodiment, it is appreciated that the 
invention may be implemented in a variety of other ways. Consequently, it is to be understood that the 
5 particular embodiment shown and described by way of illustration are in no way intended to be 

considered limiting. Reference to the details of these embodiments is not intended to limit the scope of 
the claims which themselves recite only those features regarded as essential to the invention. 




